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Background: 22q11.2 deletion syndrome (22q11.2DS) is a common neurogenetic syndrome associated with high
rates of psychosis. The aims of the present study were to identify the unique temperament traits that characterize
children with 22q11.2DS compared to children with Williams syndrome (WS) and typically developing (TD) controls,
and to examine temperamental predictors of the emergence of psychosis in 22q11.2DS.
Methods: The temperament of 55 children with 22q11.2DS, 36 with WS, and 280 TD children was assessed using
the Emotionality, Activity, Sociability (EAS) Temperament Survey, Parental Ratings. The presence of a psychotic
disorder was evaluated in 49 children and adolescents with 22q11.2DS at baseline and again 5.43 ± 2.23 years after
baseline temperament assessment.
Results: Children with 22q11.2DS scored higher on Shyness compared to WS and TD controls. Children with
22q11.2DS and WS scored higher on Emotionality and lower on Activity compared to TD controls. Shyness was
more severe in older compared to younger children with 22q11.2DS. Baseline Shyness scores significantly predicted
the later emergence of a psychotic disorder at follow-up, in children with 22q11.2DS.
Conclusions: Our results suggest that shyness is an early marker associated with the later emergence of psychosis
in 22q11.2DS.
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Genetic syndromes with well-defined etiologies provide
an excellent opportunity for examining the contributions
of genetic defects to unique behaviors. The 22q11.2 dele-
tion syndrome (22q11.2DS) and Williams syndrome
(WS) are known neurogenetic autosomal dominant syn-
dromes, both caused by a microdeletion, 22q11.2DS in
the long arm of chromosome 22 [1] and WS in the long
arm of chromosome 7 (7q11.23) [2]. Both 22q11.2DS
and WS are characterized by physical and psychiatric* Correspondence: gothelf@post.tau.ac.il
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distribution, and reproduction in any mediumcomorbidities and cognitive deficits [3,4]. The two syn-
dromes are associated with high rates of psychiatric dis-
orders including attention deficit/hyperactivity disorder
(ADHD), oppositional defiant disorder (ODD), and pho-
bias. Social anxiety disorder is more prevalent in
22q11.2DS while specific phobia is more common in
WS [5-7]. Up to one-third of individuals with 22q11.2DS
develop schizophrenia-like psychotic disorders during
adolescence and early adulthood, making 22q11.2DS the
most commonly known genetic syndrome associated
with schizophrenia [8,9].
Research evidence indicates that individuals with de-
velopmental disabilities and neurogenetic syndromes
have many common characteristics, including increased
rates of psychiatric disorders (e.g., ADHD and anxietytral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited.
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executive dysfunctions), and behavioral features (e.g., re-
petitive behaviors) [10-12]. Individuals with 22q11.2DS
and WS also share common medical comorbidities (e.g.,
calcium dysregulation and cardiovascular anomalies) and
neuroanatomical aberrations (e.g., pronounced decreased
volumes in parieto-occipital regions) [1,3,5,13,14]. Al-
though quite a few studies have examined the behavioral
phenotypes of 22q11.2DS and WS, only a few studies
have directly compared the behavioral phenotypes of
these two syndromes. Comparing behavioral phenotypes,
such as temperament, between neurogenetic syndromes
is important for identifying which features are common
to both syndromes (suggesting non-specific effects of
coping with a developmental disability) and which fea-
tures are specific to each syndrome (suggesting a more
specific genetic cause).
Despite the distinctive personality traits of individuals
with 22q11.2DS and WS, only a few empirical studies
have addressed the temperamental characteristics of
these syndromes. A study that investigated the tempera-
ment of elementary school children with 22q11.2DS and
WS [15] found that compared to typically developing
(TD) children, both 22q11.2DS and WS children were
less emotionally stable, less conscientious, and more ir-
ritable and dependent. Another study found that in com-
parison to their siblings and to community controls,
children with 22q11.2DS were rated by their parents as
being less regular in their daily habits, less able to focus/
sustain attention, less cheerful/pleasant, less likely to
stay with an activity for a long time, and less able to re-
spond flexibly to changes [16]. Compared to TD chil-
dren and to individuals with other developmental
disabilities, individuals with WS were rated as signifi-
cantly more approaching, people-oriented, intensive, em-
pathic, gregarious, distractible, susceptible to negative
mood, and lower on persistence and threshold of excit-
ability [17,18].
In addition to comparing and differentiating the two
syndromes, examining the temperamental features of
22q11.2DS could also help distinguish between different
developmental trajectories within this group. Specifically,
because psychosis is so common in 22q11.2DS, identi-
fying early risk factors for the subsequent emergence of
psychotic disorders in this at-risk population is of great
interest. Certain temperamental characteristics may serve
as early markers of increased risk for the later develop-
ment of psychosis in this population.
Therefore, the present study had two main objectives:
i) to identify the unique temperament that characterizes
children with 22q11.2DS and distinguish them from
children with WS and TD controls. We hypothesized
that shyness and sociability would distinguish between
22q11.2DS (tending to be shy and less social) and WS(who are extremely outgoing and thus lower on shyness
and high on sociability). Further, we predicted that both
22q11.2DS and WS would exhibit more negative emo-
tionality and more activity compared to TD controls
given the increased rate of ODD and ADHD in both pa-
tient groups [6,7]. ii) To identify temperamental predic-
tors of the subsequent development of psychosis in
22q11.2DS. Based on findings of previous studies on
predictors of psychosis in 22q11.2DS [8] and on schizo-
phrenia studies [19-21], we hypothesized that shyness in
childhood would be a risk factor for later development
of psychosis in 22q11.2DS.
Methods
Participants
The study included Jewish individuals with 22q11.2DS,
WS, and TD children. Subjects with 22q11.2DS and WS
were recruited from the Behavioral Neurogenetic Center
of a large tertiary referral center in Israel that coordi-
nates research and treatments of individuals with
22q11.2DS and WS from all over Israel, referred from
genetic clinics and parents’ associations. The diagnosis
of 22q11.2DS and WS was confirmed in all subjects
using fluorescent in situ hybridization test. TD controls
were recruited from preschool and elementary schools
in the Jerusalem area for studies on child development.
The socioeconomic status of both the clinical and con-
trol subjects was similar to the range in the general Jew-
ish population in Israel.
The study protocol was approved by the Institutional
Review Board of Rabin Medical Center and The Ethics
Committee of The Hebrew University of Jerusalem with
informed consent obtained from all participants and/or
their parents or guardians.
Measures
The baseline assessment was conducted between 2001
and 2006 (Time 1), and included temperament, psychi-
atric, and cognitive assessments. A follow-up psychiatric
assessment was conducted between 2004 and 2010 for
the 22q11.2DS group only (Time 2).
IQ was measured in the 22q11.2DS and WS groups
using the age-appropriate versions of the Wechsler
Intelligence test [6]. For the psychiatric assessment, indi-
viduals and their parents were interviewed by skilled cli-
nicians using the Hebrew version of the Schedule for
Affective Disorders and Schizophrenia for School-Aged
Children, Present and Lifetime, and adult patients were
interviewed using the Structured Clinical Interview for
Axis I DSM-IV, as previously described [6].
Temperament was rated by parents, using the Emo-
tionality, Activity, Sociability (EAS) Temperament Sur-
vey for Children: Parental Ratings of Buss and Plomin
[22]. The EAS was initially designed for children aged 1
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tended to adolescents (11 to 16 years old) [23] and
adults [24]. This questionnaire includes 4 subscales –
Emotionality, Activity, Sociability, and Shyness, with five
items each (including 6 reverse-scored items). The par-
ent rates each item on a scale ranging from 1 = “not
characteristic of the child” to 5 = “very characteristic of
the child”. A mean score is calculated for each subscale.
Thus, scores range from 1 to 5 for each subscale. The
four subscales or dimensions of temperament are: Emo-
tionality: the tendency to become upset easily and in-
tensely (e.g., “Child gets upset easily”); Activity: the
tendency to be energetic or vigorous (e.g., “Child is al-
ways on the go”); Sociability: the tendency to prefer be-
ing with others over being alone and to seek social
interaction (e.g., “Child likes to be with people”); Shy-
ness: the tendency to be fearful, wary, or withdrawn in
novel social situations (e.g., “It takes child a long time to
warm up to strangers”) [25,26].
The EAS subscales have been shown to possess good
psychometric qualities. Their reliability is reflected by
both internal consistency and inter-rater agreement
[27-29]. Validity evidence includes, for example, the find-
ing that EAS-identified temperament profiles of emotion-
ality and low sociability in young children predict the
subsequent development of anxiety, depression, and at-
tention problems later in life [23,30]. Moreover, the EAS
scales have been used in numerous clinical studies with
children and adolescents and successfully distinguish
children with various anxiety disorders and depression
and children with developmental disabilities (e.g., Cos-
tello syndrome) from normal controls [23,31,32].
Procedure and data analysis
To identify the unique temperament that characterizes chil-
dren with 22q11.2DS and WS we compared children aged
2.4 to 12.6 years with 22q11.2DS (n = 55), WS (n = 36), and
TD controls (n = 280). The three groups were matched for
age (F(2,368) = 1.3, P = 0.3) and gender (P = 0.2) (Table 1).
Differences in temperament between the groups were ex-




(A) 22q11.2DS 55 3.5–12.5 7.6 (2.9) 6.8 32/23
WS 36 2.4–12.2 7.2 (3.0) 7.3 14/22
TD 280 3.0–12.6 7.0 (2.9) 7.0 149/131
(B) 22q11.2DS
Baseline 49 5.5–20.9 10.9 (4.9) 11.0 27/22
Follow-up 7.7–26.4 16.3 (5.2) 15.9
(A) The between group comparisons sample. (B) The 22q11.2 deletion
syndrome longitudinal sample.Tukey Post-Hoc comparisons. EAS subscale scores were
normally distributed and were the dependent variables. In
all ANCOVAs, group and sex were used as fixed factors
and age as a covariate. IQ score was not entered as a co-
variate as it was not measured in the TD controls, but
links with IQ were assessed in the 22q11.2DS and WS
group using correlations and follow-up analyses of covari-
ance. To further examine the association between age and
Shyness in 22q11.2DS, we also compared the Shyness
scores of 22q11.2DS individuals who were below vs. above
the sample’s median age, using an unpaired t-test (median
age for the 22q11.2DS sample was 6.8 years).
To identify temperamental predictors of psychosis
within 22q11.2DS, we included all individuals with
22q11.2DS who fulfilled the following criteria: i) were
below the age of 21 years at baseline assessment; ii)
underwent a baseline temperament and psychiatric as-
sessment; and iii) underwent a follow-up psychiatric as-
sessment. Of the 55 individuals with 22q11.2DS, 33
fulfilled the above mentioned criteria and were included
in the longitudinal prediction analysis. An additional 16
adolescents and young adults, who were below the age
of 21 years at baseline, were also included in the predic-
tion analysis. They were not part of the 22q11.2DS vs.
WS and TD comparisons, as they were older than the
WS and TD samples. Altogether, 49 individuals (27
males and 22 females) with 22q11.2DS with baseline
temperament evaluations and baseline and follow-up
psychiatric assessments, were included in the prediction
analysis. At baseline, individuals were 10.9 ± 4.9 years
and the mean time interval between assessments was
5.4 ± 2.2 years (Table 1). To examine whether tempera-
ment predicted emergence of psychosis in 22q11.2DS, a
logistic regression was performed with the presence/ab-
sence of a psychotic disorder at follow-up entered as the
outcome variable. The predicting variables were gender,
age, full scale IQ at baseline assessment, and the baseline
EAS subscale scores. Furthermore, baseline Shyness
scores of 22q11.2DS individuals who developed psych-
osis were compared to those who did not develop psych-
osis using an unpaired t-test.
Results
Temperamental characteristics of children with
22q11.2DS and WS
As hypothesized, we found a significant main effect of
group status on Shyness (F(2,368) = 14.6, P <0.0001).
Scheffe’s post-hoc comparisons showed that children with
22q11.2DS were the shyest, while children with WS were
the least shy, compared to the TD controls (Table 2). As
hypothesized, we also found a significant main effect of
group on Emotionality (F(2,368) = 15.4, P <0.0001). Chil-
dren in both syndrome groups were rated as significantly
more emotional than the TD control group (Table 2). A
Table 2 Comparison of demographic characteristics and the Emotionality, Activity, Sociability (EAS) Temperament
subscale scores between 22q11.2 deletion syndrome (22q11.2DS), Williams syndrome (WS) and typically developing
(TD) controls
22q11.2DS WS TD Group effect
n = 55 n = 36 n = 280 df = 2, 368 Post Hoc
Full-scale IQ 80.59 (12.60) 67.41 (15.08) t (89) = 4.1
P = 0.0001
Males/Females 32/23 14/22 149/131 P = 0.18
Shyness 2.65 (0.89) 1.73 (0.63) 2.29 (0.79) F = 14.6 TD < 22q11.2DS*
P ≤0.0001 WS < 22q11.2DS**
WS < TD**
Emotionality 3.17 (1.19) 3.49 (1.01) 2.74 (0.77) F = 15.4 TD < 22q11.2DS*
P ≤0.0001 TD <WS**
Activity 2.93 (0.96) 3.27 (0.80) 3.70 (0.70) F = 26.7 WS < TD*
P ≤0.0001 22q11.2DS < TD**
Sociability 3.56 (0.76) 3.63 (0.67) 3.64 (0.48) F = 0.4
P = 0.58
Scores are presented as mean (SD).
* P <0.01, **P <0.001.
Figure 1 Comparison of Shyness scores among children with
22q11.2 deletion syndrome (22q11.2DS, n = 55), Williams
syndrome (WS, n = 36), and typically developing children
(TD, n = 280), as a function of age. The age difference (below vs.
above the median age) is significant in the 22q11.2DS group only.
Older children with 22q11.2DS (n = 27) have significantly higher
Shyness scores (P = 0.02) than younger 22q11.2DS children (n = 28).
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(F(2,368) = 26.7, P <0.0001). Contrary to our hypothesis,
children from the TD control group were rated as signifi-
cantly more active compared to both children with WS
and 22q11.2DS (Table 2). There was no significant main
effect of group on the Sociability subscale (Table 2).
In addition to the group main effect on Shyness reported
above, there was also a significant group by age interaction
on Shyness scores (F(2,368) = 5.7, P <0.005). This inter-
action reflected the fact that older 22q11.2DS individuals
had higher shyness scores compared to their younger
counterparts (Figure 1). There were no significant group
by age interactions in shyness for either WS or TD chil-
dren (Figure 1). There were also no gender effects on any
of the temperament scores. Within the 22q11.2DS and WS
samples we found only a weak, although significant, correl-
ation between IQ and shyness (r = 0.23, P = 0.05) and no
significant correlations between IQ and the other EAS
scale scores: Emotionality (r = −0.07, P = 0.56), Activity
(r = 0.20, P = 0.08), and Sociability (r = 0.03, P = 0.79).
When IQ was entered as a covariate in the analysis with
22q11.2DS vs. WS on each of the EAS scales, all group ef-
fects remained the same and no significant IQ effect was
noted. Thus, it appears that the differences in shy tempera-
ment between 22q11.2DS and WS children are not
accounted for by differences in IQ between the groups.
Temperamental characteristics that predict future
22q11.2DS psychosis
At baseline, none of the 22q11.2DS participants had a
psychotic disorder and, at follow-up, 12.2% had apsychotic disorder (3 schizophrenia, 2 psychotic disorder
NOS, and 1 psychotic depression). At baseline there were
proportionally higher rates of social anxiety disorder in
the subgroup of individuals with 22q11.2DS who devel-
oped psychosis at follow-up than in the subgroup of indi-
viduals who did not (50.0% vs. 11.6%, P = 0.02). There
were no significant differences among the two subgroups
in the rates of other baseline psychiatric disorders: spe-
cific phobia (50.0% vs. 23.2%, P = 0.16), obsessive com-
pulsive disorder (50.0% vs. 20.9%, P = 0.12), ADHD
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0.40), and dysthymia (16.7% vs. 16.3%, P = 0.98).
To assess if the temperament subscales at baseline pre-
dicted the future emergence of a psychotic disorder in
22q11.2DS, we conducted a logistic regression with the
presence/absence of a psychotic disorder at follow-up en-
tered as the outcome variable. The predicting variables
were gender, age, and full scale IQ at baseline assessment,
and the three baseline EAS subscale scores that distin-
guished between 22q11.2DS and controls (Shyness, Emo-
tionality, and Activity). Of all the potential predictors, only
baseline scores of Shyness were significantly associated
with the presence of a psychotic disorder at follow-up
(Odds Ratio = 1.8, P = 0.01), with this regression model ac-
counting for 44% of the variance. The 22q11.2DS individ-
uals who subsequently developed a psychotic disorder had
significantly higher baseline Shyness scores than those
who did not develop a psychotic disorder (Figure 2).
Although age was not a significant predictor in the lo-
gistic regression (and hence did not contribute to the
prediction of psychosis), we further wanted to rule out
any potential confounding effect of age, in light of our
finding (reported above) that shyness was higher among
older 22q11.2DS individuals. We therefore conducted an
additional analysis in which we compared the shyness
scores of the six 22q11.2DS individuals who developed a
psychotic disorder to those of an age-matched sub-group
(n = 25) of 22q11.2DS individuals who did not develop a
psychotic disorder. To match for age, we included in the
non-psychotic group only individuals 13 years of age or
older at baseline (i.e., the age at baseline of the youngest
22q11.2DS individual who developed psychosis). The
22q11.2DS individuals who developed psychosis (n = 6)
were similar to those who did not (n = 24) in baseline
age (13.0 ± 2.7 vs. 14.3 ± 3.8, respectively, P = 0.46) and
follow-up age (17.9 ± 3.8 vs. 19.6 ± 4.5, respectively, P =Figure 2 Comparison of baseline Shyness scores between
individuals with 22q11.2DS who developed a psychotic
disorder (n = 6) and 22q11.2DS individuals who did not (n = 43).
The 22q11.2DS individuals who developed a psychotic disorder had
significantly higher baseline Shyness scores than those who did not
(z = −2.7, P = 0.007).0.19) but were different in baseline shyness scores, with
the psychotic 22q11.2DS individuals having significantly
higher baseline shyness scores than the non-psychotic
22q11.2DS individuals (3.7 ± 0.8 vs. 2.6 ± 0.8, respectively,
(F(2,47) = −3.0, P <0.005).
Discussion
Our results indicate that children with 22q11.2DS and WS
have distinct behavioral phenotypes. Both syndromes
show higher Emotionality and lower Activity than TD
children. Moreover, consistent with prior findings, chil-
dren with 22q11.2DS are significantly shyer than children
with WS as well as TD controls [33-35]. In addition, age
was positively associated with Shyness in the 22q11.2DS
group, such that older 22q11.2DS children were perceived
by their mothers as shyer than younger 22q11.2DS chil-
dren. Finally, we found that higher scores on shyness were
associated with the subsequent emergence of psychosis in
22q11.2DS.
Children with 22q11.2DS and WS both present with a
number of medical comorbidities but we found that chil-
dren with 22q11.2DS were shyer than children with WS,
who were lowest on the shyness measure. The finding is
consistent with the known socially disinhibited and out-
going behavior of individuals with WS [33,36,37]. Shy-
ness in children with 22q11.2DS likely has a neural basis
(discussed later), but could also partially stem from the
numerous physical problems with which these children
cope, specifically the palatal abnormalities causing
hypernasal speech which is frequently incomprehensible
or stands out as having an unusual sound [4]. In con-
trast, the medical problems of WS children are less
physically obvious in nature. Thus, 22q11.2DS children
may be more likely to experience ridicule, bullying, or
discrimination from peers due to their physical prob-
lems, which can in turn promote withdrawn and shy be-
havior on their part, particularly in older children who
are more sensitive to the possibility of social ostracism.
In the present study, we found that 22q11.2DS and
WS share temperamental features including high emo-
tionality and low activity compared to TD children. High
emotionality is defined as the tendency to become upset
easily and intensely. The high emotionality in 22q11.2DS
and WS is probably also reflected in the high rates of
ADHD and ODD in the two syndromes [5-7]. We be-
lieve that the high emotionality of individuals with the
two syndromes stems from a biological impairment of
mood regulation and disinhibition, and the tendency of
these individuals to respond with great intensity when
confronted with difficulties [4,38]. Of note, parent–child
interactions, particularly around limit-setting, may be
more complex and vulnerable in families of children
coping with 22q11.2DS and WS compared to families
with TD children. For example, parents of a child with
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on their part would lead to more dysregulation in the
child, and hence choose to reduce their demands of ma-
ture behavior from their child so as not to overly-
challenge him or her. However, such a parental approach
can provides children with less opportunities to practice
social and self-regulatory skills.
Unexpectedly, we did not find differences in Sociability
between 22q11.2DS, WS, and TD children. This may
have been due to a ceiling effect, as all three groups re-
ceived quite high ratings on the Sociability subscale, with
relatively small standard deviations. Notably, the correl-
ation between Sociability and Shyness scores in our sam-
ple was weak, suggesting that they are measuring
different constructs (although it is possible that the cor-
relation might have been higher if the Sociability measure
had greater variability).
The association between shyness and later onset of a
psychotic disorder in 22q11.2DS is a pivotal finding of
our study. Because individuals with 22q11.2DS are
highly susceptible to developing psychotic disorders, in-
tensive research efforts are invested in finding bio-
markers and risk factors for the emergence of psychosis
in this population. High levels of anxiety in childhood
have been identified as a predictor for the later develop-
ment of psychosis in 22q11.2DS in a previous study with
a different sample [8]. This is also consistent with the
current sample, in which individuals with 22q11.2DS
who developed psychosis were more likely to have a so-
cial anxiety disorder at baseline than those who did not
develop psychosis. Moreover, shyness is one of the major
manifestations of anxiety and the present findings con-
verge with the previous study [8] to indicate that social
inhibition, in particular, is associated with the onset of
psychosis in individuals with 22q11.2DS.
There are also a few longitudinal studies in the general
population which found that ultra-high-risk prodromal
subjects who later undergo the transition to schizophrenia
had increased social withdrawal and anhedonia [39,40].
Social incompetence and social withdrawal are related but
not identical to shyness, and to our knowledge there are
no longitudinal studies in the general population that have
investigated shy temperament as a predictor of the later
onset of schizophrenia. It should be noted that what is re-
ported as ‘Shyness’ by parents may actually be a pro-
dromal or a negative symptom, because social withdrawal,
isolation, and anhedonia that are common in shy individ-
uals are also common manifestations of negative symp-
toms of schizophrenia and its prodrome [41].
There is accumulating evidence for the biological un-
derpinnings of 22q11.2DS social deficits and their poor
face processing abilities [42,43]. A study using fMRI to
probe visual recognition in young individuals with
22q11.2DS found abnormal activations in brain areasinvolved in emotional face processing and in interpret-
ation of social cues in individuals with 22q11.2DS, in-
cluding anterior superior temporal sulcus, rostral
anterior cingulated cortex, and amygdala [44]. The study
also found impaired response and adaptation of the amyg-
dala to fearful faces in 22q11.2DS [44]. Another study
found a longitudinal decrease in the volume of the mesial
temporal lobe of adolescents with 22q11.2DS and the lon-
gitudinal volume decrease was associated with an increase
in prodromal symptoms in this population [45]. The above
imaging findings suggest that children with 22q11.2DS are
impaired in basic components of social cognition and
emotional regulation such as facial expression processing
and adaptation to stressful social situations. Thus, we
speculate that the neural impairments of 22q11.2DS indi-
viduals, in combination with other factors such as the
hypernasal speech and abnormal facial features, lead to a
negative self-concept and shy temperament marked by
limited expression of affect, limited social engagement,
and social withdrawal in novel social situations. It is pos-
sible that shyness is an early indicator reflecting neurobio-
logical vulnerability and proneness to psychosis.
The low activity level of 22q11.2DS and WS found in
our study is surprising in light of their known high rates
of ADHD. Yet, high scores in the activity measure of the
EAS may reflect more constructive energetic activity
(e.g., playing with peers), which is expressed more in TD
children, rather than unconstructive hyperactivity symp-
toms which are more common in 22q11.2DS and WS.
A notable limitation of the present study is the fact that
assessments of temperament were based solely on parental
reports, which can of course be prone to bias. Moreover,
to our knowledge, the EAS temperament measure has not
been previously used in studies with WS or 22q11.2DS in-
dividuals. However, this instrument does have several ad-
vantages, as it is a well-established and widely used
temperament questionnaire, which is suitable for a wide
age range (from infancy to young adulthood). Future stud-
ies should employ observational measures of tempera-
ment, in addition to parental reports, to more thoroughly
characterize the temperamental characteristics of individ-
uals with 22q11.2DS and WS. The wide age range of the
present sample can be seen as a further weakness, because
shy behavior might have different meanings at different
ages (especially as perceived by parents). Future studies
should examine more homogenous age groups and follow
them up longitudinally to discern whether shyness confers
greater risk at particular ages.
Conclusions
In this study, we identified shyness as a characteristic asso-
ciated with the onset of psychosis in individuals with
22q11.2DS. As shown herein, substantial shyness can be
seen quite early in development in 22q11.2DS individuals
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tionnaire. Future studies could indicate whether or not
early detection and intervention aimed at decreasing social
inhibition and related social avoidance behaviors among
individuals with 22q11.2DS can decrease the rate of psych-
osis in this at-risk population.
Abbreviations
22q11.2DS: 22q11.2 deletion syndrome; ADHD: Attention deficit/hyperactivity
disorder; EAS: Emotionality, activity, sociability temperament survey;
ODD: Oppositional defiant disorder; TD: Typically developing;
WS: Williams syndrome.
Competing interests
The authors have no financial or non-financial competing interests to declare.
Authors’ contributions
YS, MD, AK, AF, AW, and DG designed the study and DG wrote the protocol.
AF conducted the molecular diagnoses. YS, MD, AK, HZ, and DG carried out
the psychiatric and behavioral evaluations and participated in the analyses of
data. YS, HZ, GS, GZ, and DG managed the literature search and statistical
analyses. YS wrote the first draft of the manuscript and YS, MD, AK, HZ, GS,
GZ, AW, and DG assisted in further preparation of the manuscript. All authors
contributed to and have approved the final version of the manuscript.
Acknowledgments
We would like to thank Yael Fishman for editorial assistance. This work was
supported by the Basil O’Connor Starter Scholar Research Award of the
March of Dimes, the National Alliance for Research on Schizophrenia and
Depression Young Investigator Award (grant number 5-FY06-590 to D.G.)
and the Binational Science Foundation (grant number 2011378).
Author details
1The Behavioral Neurogenetics Center, The Edmond and Lily Safra Children’s
Hospital, Sheba Medical Center, Tel Hashomer 52621, Israel. 2School of Social
Work and Social Welfare, The Hebrew University of Jerusalem, Mount Scopus,
Jerusalem 91905, Israel. 3Department of Psychology, The Hebrew University
of Jerusalem, Mount Scopus, Jerusalem 91905, Israel. 4Sackler Faculty of
Medicine, Tel Aviv University, Tel Aviv 69978, Israel. 5Child and Adolescent
Psychiatry Division, Geha Mental Health Center, Petah Tikva 49202, Israel.
6Felsenstein Medical Research Center, Petah Tikva 49202, Israel.
Received: 25 April 2013 Accepted: 3 February 2014
Published: 11 February 2014
References
1. Morrow B, Goldberg R, Carlson C, Das Gupta R, Sirotkin H, Collins J,
Dunham I, O'Donnell H, Scambler P, Shprintzen R, Kucherlapati R: Molecular
definition of the 22q11 deletions in velo-cardio-facial syndrome.
Am J Hum Genet 1995, 56:1391–1403.
2. Pober BR: Williams–Beuren syndrome. N Engl J Med 2010, 362:239–252.
3. Mervis CB, Klein-Tasman BP: Williams syndrome: cognition, personality,
and adaptive behavior. Ment Retard Dev Disabil Res Rev 2000, 6:148–158.
4. Shprintzen RJ: Velo-cardio-facial syndrome: a distinctive behavioral
phenotype. Ment Retard Dev Disabil Res Rev 2000, 6:142–147.
5. Green T, Avda S, Dotan I, Zarchi O, Basel‐Vanagaite L, Zalsman G, Weizman
A, Gothelf D: Phenotypic psychiatric characterization of children with
Williams syndrome and response of those with ADHD to
methylphenidate treatment. Am J Med Genet B Neuropsychiatr Genet 2012,
159B(1):13–20.
6. Green T, Gothelf D, Glaser B, Debbane M, Frisch A, Kotler M, Weizman A,
Eliez S: Psychiatric disorders and intellectual functioning throughout
development in velocardiofacial (22q11.2 deletion) syndrome. J Am Acad
Child Adolesc Psychiatry 2009, 48:1060–1068.
7. Leyfer OT, Woodruff-Borden J, Klein-Tasman BP, Fricke JS, Mervis CB:
Prevalence of psychiatric disorders in 4 to 16-year-olds with Williams
syndrome. Am J Med Genet B Neuropsychiatr Genet 2006, 141B:615–622.
8. Gothelf D, Feinstein C, Thompson T, Gu E, Penniman L, Van Stone E, Kwon
H, Eliez S, Reiss AL: Risk factors for the emergence of psychotic disordersin adolescents with 22q11.2 deletion syndrome. Am J Psychiatry 2007,
164:663–669.
9. Murphy KC: Schizophrenia and velo-cardio-facial syndrome. Lancet 2002,
359:426–430.
10. Gothelf D, Goraly O, Avni S, Stawski M, Hartmann I, Basel-Vanagaite L, Apter
A: Psychiatric morbidity with focus on obsessive–compulsive disorder
in an Israeli cohort of adolescents with mild to moderate mental
retardation. J Neural Transm 2008, 115:929–936.
11. Dichter GS, Damiano CA, Allen JA: Reward circuitry dysfunction in
psychiatric and neurodevelopmental disorders and genetic syndromes:
animal models and clinical findings. J Neurodev Disord 2012, 4:1–43.
12. Zarchi O, Diamond A, Weinberger R, Abbott D, Carmel M, Frisch A,
Michaelovsky E, Gruber R, Green T, Weizman A, Gothelf D: A comparative
study of the neuropsychiatric and neurocognitive phenotype in two
microdeletion syndromes: Velocardiofacial (22q11.2 deletion) and
Williams (7q11.23 deletion) syndromes. Eur Psychiatry 2013. In press.
13. Eisenberg DP, Jabbi M, Berman KF: Bridging the gene–behavior
divide through neuroimaging deletion syndromes: Velocardiofacial
(22q11. 2 Deletion) and Williams (7q11. 23 Deletion) syndromes.
Neuroimage 2010, 53:857–869.
14. Pober BR, Dykens EM: Williams syndrome: An overview of medical,
cognitive, and behavioral features. Child Adolesc Psych Clinics N Am Child
1996, 5:929–943.
15. Prinzie P, Swillen A, Vogels A, Kockuyt V, Curfs L, Haselager G, Hellinckx W,
Devriendt K, Onghena P, Van Lieshout CF, Fryns JP: Personality profiles
of youngsters with velo-cardio-facial syndrome. Genet Couns 2002,
13:265–280.
16. Antshel KM, Stallone K, Abdulsabur N, Shprintzen R, Roizen N, Higgins AM,
Kates WR: Temperament in velocardiofacial syndrome. J Intellect Disabil
Res 2007, 51:218–227.
17. Dykens EM, Rosner BA: Refining behavioral phenotypes:
personality-motivation in Williams and Prader-Willi syndromes.
Am J Ment Retard 1999, 104:158–169.
18. Tomc SA, Williamson NK, Pauli RM: Temperament in Williams syndrome.
Am J Med Genet 1990, 36:345–352.
19. Done DJ, Crow TJ, Johnstone EC, Sacker A: Childhood antecedents of
schizophrenia and affective illness: social adjustment at ages 7 and 11.
BMJ 1994, 309:699–703.
20. Jetha MK, Goldberg JO, Schmidt LA: Temperament and its relation
to social functioning in schizophrenia. Int J Soc Psychiatry 2013,
59(3):254–263.
21. Jones P, Murray R, Rodgers B, Marmot M: Child developmental risk factors
for adult schizophrenia in the British 1946 birth cohort. Lancet 1994,
344:1398–1402.
22. Buss A, Plomin R: Temperament: Early Developing Personality Traits. Hillsdale,
NJ: Lawrence Erlbaum Associates; 1984.
23. Goodyer IM, Ashby L, Altham PM, Vize C, Cooper PJ: Temperament and
major depression in 11 to 16 year olds. J Child Psychol Psychiatry 1993,
34:1409–1423.
24. Ane NRE, Kristin T: Temperament in adults-reliability, stability, and factor
structure of the EAS temperament survey. J Personality Assessment 2004,
82:71–79.
25. Hirshfeld DR, Rosenbaum JF, Biederman J, Bolduc EA, Faraone SV, Snidman N,
Reznick JS, Kagan J: Stable behavioral inhibition and its association with
anxiety disorder. J Am Acad Child Adolesc Psychiatry 1992, 31:103–111.
26. Kagan J: Temperament and the reactions to unfamiliarity. Child Dev 1997,
68:139–143.
27. Boer F, Westenberg PM: The factor structure of the Buss and Plomin
EAS Temperament Survey (parental ratings) in a Dutch sample of
elementary school children. J Pers Assess 1994, 62:537–551.
28. Gasman L, Purper-Ouakil D, Michel G, Mouren-Simeoni MC, Bouvard M,
Perez-Diaz F, Jouvent R: Cross-cultural assessment of childhood
temperament. A confirmatory factor analysis of the French Emotionality
Activity and Sociability (EAS) questionnaire. Eur Child Adolesc Psychiatry
2002, 11:101–107.
29. Mathiesen KS, Tambs K: The EAS temperament questionnaire–factor
structure, age trends, reliability, and stability in a Norwegian sample.
J Child Psychol Psychiatry 1999, 40:431–439.
30. Rende RD: Longitudinal relations between temperament traits and
behavioral syndromes in middle childhood. J Am Acad Child Adolesc
Psychiatry 1993, 32:287–290.
Schonherz et al. Journal of Neurodevelopmental Disorders 2014, 6:3 Page 8 of 8
http://www.jneurodevdisorders.com/content/6/1/331. Galera C, Delrue MA, Goizet C, Etchegoyhen K, Taupiac E, Sigaudy S,
Arveiler B, Philip N, Bouvard M, Lacombe D: Behavioral and
temperamental features of children with Costello syndrome.
Am J Med Genet A 2006, 140:968–974.
32. Ivarsson T, Winge-Westholm C: Temperamental factors in children and
adolescents with obsessive-compulsive disorder (OCD) and in normal
controls. Eur Child Adolesc Psychiatry 2004, 13:365–372.
33. Doyle TF, Bellugi U, Korenberg JR, Graham J: “Everybody in the world is
my friend” Hypersociability in young children with Williams syndrome.
Am J Med Genet A 2004, 124A:263–273.
34. Golding-Kushner KJ, Weller G, Shprintzen RJ: Velo-cardio-facial syndrome:
language and psychological profiles. J Craniofac Genet Dev Biol 1985,
5:259–266.
35. Murphy KC: The behavioural phenotype in velo-cardio-facial syndrome.
J Intellect Disabil Res 2004, 48:524–530.
36. Gosch A, Pankau R: Personality characteristics and behaviour problems in
individuals of different ages with Williams syndrome. Dev Med Child
Neurol 1997, 39:527–533.
37. Jarvinen-Pasley A, Bellugi U, Reilly J, Mills DL, Galaburda A, Reiss AL,
Korenberg JR: Defining the social phenotype in Williams syndrome:
a model for linking gene, the brain, and behavior. Dev Psychopathol
2008, 20:1–35.
38. Plissart L, Borghgraef M, Fryns JP: Temperament in Williams syndrome.
Genet Couns 1996, 7:41–46.
39. Cannon TD, Cadenhead K, Cornblatt B, Woods SW, Addington J, Walker E,
Seidman LJ, Perkins D, Tsuang M, McGlashan T: Prediction of psychosis in
youth at high clinical risk: a multisite longitudinal study in North
America. Arch Gen Psychiatry 2008, 65:28.
40. Velthorst E, Nieman DH, Becker HE, van de Fliert R, Dingemans PM, Klaassen
R, de Haan L, van Amelsvoort T, Linszen DH: Baseline differences in clinical
symptomatology between ultra high risk subjects with and without a
transition to psychosis. Schizophr Res 2009, 109:60–65.
41. McGlashan T, Walsh B, Woods S: The Shyness-Risk Syndrome: Handbook for
Diagnosis and Follow-Up. New York: Oxford University Press; 2010.
42. Glaser B, Debbané M, Ottet MC, Vuilleumier P, Zesiger P, Antonarakis SE,
Eliez S: Eye gaze during face processing in children and adolescents with
22q11.2 deletion syndrome. J Amer Acad Child Adolesc Psych 2010,
49:665–674.
43. McCabe K, Melville J, Rich D, Strutt P, Cooper G, Loughland C, Schall U,
Campbell L: Divergent patterns of social cognition performance in
autism and 22q11.2 deletion syndrome (22q11DS). J Autism Develop
Disord 2013, 43(8):1926–1934.
44. Andersson F, Glaser B, Spiridon M, Debbane M, Vuilleumier P, Eliez S:
Impaired activation of face processing networks revealed by
functional magnetic resonance imaging in 22q11.2 deletion syndrome.
Biol Psychiatry 2008, 63:49–57.
45. Kates WR, Antshel KM, Faraone SV, Fremont WP, Higgins AM, Shprintzen RJ,
Botti JA, Kelchner L, McCarthy C: Neuroanatomic predictors to prodromal
psychosis in velocardiofacial syndrome (22q11.2 deletion syndrome):
a longitudinal study. Biol Psychiatry 2011, 69:945–952.
doi:10.1186/1866-1955-6-3
Cite this article as: Schonherz et al.: Shyness discriminates between
children with 22q11.2 deletion syndrome and Williams syndrome and
predicts emergence of psychosis in 22q11.2 deletion syndrome. Journal
of Neurodevelopmental Disorders 2014 6:3.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
